& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY

Debdutta Bhattacharya,

Regional Medical Research Center (ICMR),
India

REVIEWED BY

Sara Savic,

Scientific Veterinary Institute Novi Sad, Serbia
Arindam Ray,

Bill and Melinda Gates Foundation,

United States

Satparkash Singh,

Guru Angad Dev Veterinary and Animal
Sciences University, India

*CORRESPONDENCE
Alexander Welker Biondo
abiondo@ufpr.br

RECEIVED 20 March 2025
ACCEPTED 27 June 2025
PUBLISHED 11 July 2025

CITATION

Greca Junior H, Machado CD, Kmetiuk LB,
Franca DAd, Rodrigues NJL, Chechia do
Couto A, Langoni H, Monti G and

Biondo AW (2025) Factors associated with the
presence of anti-Leptospira spp. antibodies in
persons experiencing homelessness in Brazil.
Front. Public Health 13:1596684.

doi: 10.3389/fpubh.2025.1596684

COPYRIGHT

© 2025 Greca Junior, Machado, Kmetiuk,
Franca, Rodrigues, Chechia do Couto,
Langoni, Monti and Biondo. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Public Health

Frontiers in Public Health

TYPE Original Research
PUBLISHED 11 July 2025
pol 10.3389/fpubh.2025.1596684

Factors associated with the
presence of anti-Leptospira spp.
antibodies in persons
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Introduction: Homelessness has been considered one of the most vulnerable
situations worldwide, alongside people private of liberty (incarceration) and
country displacement (refugees). Structural inequality and exposure to diseases
such as leptospirosis may be aggravated by individual issues including drug
addiction, mental disorders and improper healthcare.

Methods: The present study has accessed persons experiencing homelessness to
Leptospira spp. exposure by microscopic agglutination test (MAT) for 30 serovars. This
study was conducted in Sdo Paulo city in southeastern Brazil and Sdo José dos Pinhais
city, belonging the eighth biggest metropolitan area of Brazil in Southern region.

Results: In total, 21/243 (8.6%; 95% Cl = 56-13.1%) persons experiencing
homelessness were seropositive in the MAT. Location, condom use, and flea
infestations were identified as statistically significant associated risk factors for
exposure.

Discussion: The presence of multiple Leptospira spp. serovars may indicate bacterial
diversity, even in urban settings. The results herein found for persons experiencing
homelessness were not a surprise, as Brazil has been historically recognized as an
endemic country for leptospirosis, with 3,810 leptospirosis cases on average per year
and the majority living in densely populated urban areas. Multidisciplinary efforts
and integrated policies may be crucial to mitigate leptospirosis and other infectious
diseases in persons experiencing homelessness, as social neglection may impact on
their fundamental rights to dignity and access to personal health.

KEYWORDS

leptospirosis, seroprevalence, homeless populations, risk factors, microscopic
agglutination test

1 Introduction

Leptospirosis, caused by the pathogenic Leptospira spp. (1), is one of the most neglected tropical
diseases of public health importance worldwide (2). Leptospira can survive in the renal tubules of
reservoirs, such as domestic and wild animals, and are intermittently shed through urine (3).
Contaminated urine, water, and soil are reported sources of human infection through direct contact
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with the mucous membranes and conjunctivae, particularly during
flooding events in urban settings (4). Human leptospirosis may vary in
characteristics, with up to 90% of affected individuals having
asymptomatic, subclinical, or mild illnesses and the remaining 10% of
infected individuals experiencing sudden onset of fever, headache, muscle
aches, gastrointestinal symptoms, and multiorgan involvement and
failure, resulting in high mortality (4).

Leptospirosis is an occupational disease that directly affects workers
through contact with infected animal reservoirs, such as dairy farmers
and slaughterhouse workers, and indirectly through contact with
individuals exposed to accumulated contaminated water, such as
recyclers, bricklayers, sewer cleaners, and other sanitary workers (5).
Epidemiologically, a high incidence of human leptospirosis has been
reported, mostly through contaminated water or soil, with no conclusive
evidence of direct animal contact as an important transmission pathway
(6). Socio-environmental conditions, such as inadequate infrastructure
and sanitation, contaminated water and soil, waste accumulation, and
rodent proliferation, have favored the spread of leptospirosis among
vulnerable populations living in the slums of Brazil and other tropical
countries (7, 8).

Homelessness may be defined as persons experiencing a lack of
permanent housing, mostly living on the streets, and relying on public and
private shelters for overnight sleep (9). These groups are highly vulnerable to
drug addiction, marginalization, interpersonal violence, and social exclusion.
Additionally, worldwide, they are reported to have a high prevalence of
infectious and mental diseases (10, 11). The current homeless population in
Brazil, estimated to be around 327,000, mostly live in poor conditions and
highly densely populated urban areas, with a 25% increase in their number
reported in 2024 and a 14-fold increase noted in the past decade (12).
Approximately 13,151 slums are distributed across approximately 734 major
cities in all 27 Brazilian states (13). Although a recent study by our research
group detected no anti-Leptospira spp. antibodies in homeless persons,
leptospirosis and its associated factors in this vulnerable population remain
to be fully established. Accordingly, this study aimed to assess the
seroprevalence and factors associated with detection of pathogenic
Leptospira spp. Antibodies among persons experiencing homelessness in
urban areas in the two major cities of Sdo Paulo and Sao José dos Pinhais in
southeastern and southern Brazil, respectively.

2 Materials and methods
2.1 Study areas and sample collection

The present study was conducted in Sdo Paulo city (23° 3256 S;
46° 3820 W), the largest city in Brazil and the southern hemisphere,
with a population of 12.4 million people, and in Sao José dos Pinhais
city (25° 31'51”S, 49° 1145”"W), a part of Curitiba, the eighth biggest
metropolitan area of Brazil, ranked 85/5,565 (top 1.5%) in population,
with 334,620 habitants (14, 15).

Sampling was performed in August 2020, after obtaining
voluntary signed consent for participation during the coronavirus
disease (COVID-19) pandemic. Homeless individuals have responded
to an epidemiological questionnaire, providing personal information
on their demographics, habits, addictions, medical and health status,
and animal contact (Supplementary material 1). Blood samples were
collected through venipuncture, performed by certified nurses, and
placed into vacuum tubes and centrifuged, and the serum samples
were stored at —20°C until processing.
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2.2 Serological testing

Samples were tested using the microscopic agglutination test
(MAT) to detect pathogenic Leptospira spp. antibodies at the
Department of Veterinary Hygiene and Public Health, Sdo Paulo State
University, Brazil, in accordance with the Brazilian Ministry of Health
protocols (16). A collection of 30 serovars stored at 28°C in
Ellinghausen McCullough-Johnson-Harris medium was used as the
testing panel. It included Leptospira interrogans serovars Australis,
Autumnalis, Bataviae, Bratislava, Canicola, Copenhageni, Djasiman,
(type CTG), Hebdomadis,
Icterohaemorrhagiae, Nupezo-01, Pomona, Pyrogenes, Sentot, and

Hardjo (type Prajitno), Hardjo

Wolfhi; L. borgpetersenii serovars Castellonis, Hardjo (type Bovis),
Hardjo (type Minis), Javanica, Tarassovi, and Whitcombi; L. kirschneri
serovars Butembo, Cynopteri and Grippotyphosa; L. noguchii serovar
Panama; L. santarosai serovars Guaricura and Shermani; and the
non-pathogenic L. biflexa serovars Andamana and Patoc.

As previously established, a 1:100 dilution was the cutoff point for
determining exposure to Leptospira spp. If a sample was positive for
more than one serovar, the one with the highest titer was considered
as the causative infectious agent (16).

2.3 Statistical analysis

The variables were first chosen using unconditional logistic
regression models for each variable, with a p-value <0.25.
Subsequently, a conditional model was built using a forward strategy
for variable inclusion, and Bayesian Information Criteria were used to
assess the goodness of fit of the various models. For the variables
included in the final model, odds ratios and their 95% confidence
intervals (Cls) were calculated, and statistical significance was set at a
p-value of 0.05, given the sample size. Additionally, biological
plausibility was determined, and potential confounders were used to
examine the interactions between the factors.

Three analyses were performed, one with a model considering all
the positive MAT results and two others, with models considering the
positive MAT results for serovars of pathogenic and non-pathogenic
Leptospira spp. separately. All statistical analyses were conducted using
the R (V.4.1.2) software (13).

2.4 Ethical considerations

This study was approved by the Ethics Committee of Human
Health of the Federal University of Parand, Brazilian Ministry of
Health (CAAE:80099017.3.3004.0086; protocol number: 3.366.684).
All research participants voluntarily signed written informed consent.

3 Results

In total, 21/243 (8.6%; 95% CI = 5.6-13.1%) persons experiencing
homelessness were seropositive in the MAT. The results were analyzed
and are presented in Tables 1, 2 by serovars and titers. In addition, the
potential individual risk factors were assessed for all reacting serovars
(Table 3). The final model included three variables (location of the
person, use of condoms during sexual intercourse, and flea infestation)
and one interaction term (interaction between the use of condoms
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TABLE 1 Distribution of positive reactors to the different serovars of Leptospira spp. included in the microscopic agglutination test (MAT), from persons
experiencing homelessness living in two cities of Brazil (Sdo Paulo and Sdo José dos Pinhais).

Type Serovar Total reactors (n) % and 95 ClI

Pathogenic 11 5.3(3.0-9.2)
L. interrogans serovar Bratislava 1 0.4 (0.1-2.6)
L. interrogans serovar Canicola 4 1.6 (0.5-4.4)
L. interrogans serovar Pyrogenes 2 0.8 (0.1-3.3)
L. kirschneri serovar Grippotyphosa 4 1.6 (0.5-4.4)

Non-pathogenic 10 3.3 (1.5-6.6)
L. biflexa serovar Andamana 8 1.3 (1.5-6.6)
L. biflexa serovar Patoc 2 0.8 (0.1-3.3)

TABLE 2 Distribution of the titres of antibodies to the different serovars of Leptospira spp. included in the microscopic agglutination test (MAT), from
homeless people living in two cities of Brazil (Sdo Paulo and Séo José dos Pinhais).

Serovar

Pathogenic
L. interrogans serovar Bratislava 0 1
L. interrogans serovar Canicola 3 1
L. interrogans serovar Pyrogenes 2 0
L. kirschneri serovar Grippotyphosa 4 0
Non-pathogenic
L. biflexa serovar Andamana 8 0
L. biflexa serovar Patoc 2 0

during sexual intercourse and flea infestation). Significant associations
(p < 0.05) were observed for all the three variables tested. Regarding
the location of the person, persons in Sdo Paulo presented a lower
likelihood of exposure to leptospires than did those in Sdo José
dos Pinhais.

The final conditional logistic regression model for the factors
associated with the serological status of reacting pathogenic Leptospira
serovars was constructed (Table 4) to include two variables: the use of
condoms during sexual intercourse and frequency of alcohol and drug
consumption. The final conditional logistic regression model for the
factors associated with the serological status for all reacting
non-pathogenic Leptospira serovars included only one variable:
location of the person (Table 5).

4 Discussion

The present study is the first to report a high exposure to
leptospirosis in persons experiencing homelessness. Homelessness has
been considered one of the most vulnerable situations worldwide,
alongside deprivation of liberty (incarceration) and displacement
from home country (refugees) (17). Structural inequality and exposure
to diseases, such as leptospirosis, may be aggravated by individual
issues, including drug addiction, mental disorders, and improper
healthcare (18). In addition, the COVID-19 pandemic significantly
worsened the situation of homeless people globally, particularly in
Brazil where it caused approximately 700,000 deaths (19). Such
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overlapping exposure to different infectious diseases caused by various
infectious agents, including waterborne (leptospirosis) and airborne
(COVID-19) pathogens, may come as no surprise as persons
experiencing homelessness were among those affected the most
worldwide during the pandemic (20). Furthermore, the lack of
epidemiological data on persons experiencing homelessness and the
potential delay in healthcare access may result in underdiagnosis and
uncontrolled disease spread, particularly of sexually transmitted
infections (10, 21). Moreover, discrimination and prejudice, coupled
with structurally inadequate reporting and database systems, may
have obstructed healthcare services, with disastrous results (22).
This study is the first to indicate that persons experiencing
homelessness in both sampled cities are highly exposed to leptospires,
with a frequency of 10.3% in Sdo Paulo and 17.5% in Sdo José dos
Pinhais. Interestingly, a recent study by our research group found no
seropositive samples out of 200 samples collected from persons
experiencing homelessness in Sdo Paulo, Curitiba, and Foz do Iguagu
(16); this was explained at the time by nomadic homeless behavior,
moving to higher areas during flooding, and avoiding water potentially
contaminated by rat urine, which may have prevented exposure to
bacterial infection. As this study was conducted in the same areas but
during the COVID-19 pandemic, looking for food and personal
supplies (clothes) may have imposed behavioral changes, increasing
the exposure to Leptospira spp. in persons experiencing homelessness
in Brazil and worldwide. Thus, the pandemic may explain the rapid
fluctuation in Leptospira spp. seroprevalence within a 3-year period
using the same testing method and laboratory and in similar homeless
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TABLE 3 Conditional logistic regression model results showing the factors associated with infection by Leptospira spp. in persons experiencing
homelessness from Sao Paulo city, Brazil.

Variable Categories Frequency in 95% ClI p-value
seropositive individuals

City Sjp - Ref. — —

Sao Paulo — 0.22 (0.07-0.64) 0.005
Use of condom during sexual intercourses No 10/21 (47.6%) Ref. — —

Yes 9/21 (42.9%) 0.28 (0.09-0.90) 0.032
Flea infestation No 16/21 (76.2%) Ref. — —

Yes 5/21 (23.8%) 0.09 (0.01-0.77) 0.028
Condom use (yes) and flea infestation — 12.3 (0.97-157.0) 0.053

TABLE 4 Conditional logistic regression model results showing the
factors associated with infection by pathogenic Leptospira spp. in
persons experiencing homelessness from Sao Paulo city, Brazil.

Variable Categories OR 95% Cl p-value
Use of condoms during | No Ref.

sexual intercourses Yes 026 | (0.07-1.02) 0.054
Consume of Alcohol & = No Ref.

drugs Yes 023 (0.03-1.95) 0.028

TABLE 5 Conditional logistic regression model results showing the
factors associated with infection by non-pathogenic Leptospira spp. in
persons experiencing homelessness from Sao Paulo city, Brazil.

Variable  Categories (O] 95% CI p-value
‘ City SJP Ref. ‘
‘ Sdo Paulo 0.02 | (0.003-0.20) 0.054 ‘

BIC = 60.70; SJP = Sao José dos Pinhais.

populations. In addition, our previous report found that 6.7% of
seropositive (non-vaccinated) dogs were owned by persons
experiencing homelessness (16); therefore, this Leptospira infection
source should be considered. Unfortunately, sampling of dogs was not
allowed by health authorities for this second sampling, mostly because
of the necessity of restraining the dogs and assistance by homeless
owners, under the total absence of available human COVID-19
vaccinations at the time (16).

The results herein found for persons experiencing homelessness
were not surprising, as Brazil has been historically recognized as an
endemic country for leptospirosis, with 3,810 cases reported on
average per year. The majority of affected individuals live in densely
populated urban areas (23), where persons experiencing
homelessness mostly live, under poor conditions (16). Although
rural clusters of leptospirosis in Brazil have been associated with
large-scale agricultural practices and animal husbandry (23),
countryside settlements of landless people should be further
investigated for leptospirosis, as already carried out by our research
group for toxoplasmosis (24), ehrlichiosis (25), hemotropic
mycoplasmas (26), and borreliosis (27). In the present study, there
were seropositive samples of non-pathogenic leptospires, with a
higher prevalence of the Andamana serovar. However, the
pathogenic potential of this serovar is still debated, as evidenced by
a fatal case reported in a sewage worker from the city of Sao Paulo,
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in which Leptospira Andamana was identified in the cerebrospinal
fluid (3).

As mentioned above, sampling was conducted in August 2020,
with Brazil being the worldwide epicenter of the COVID-19
pandemic, which may have severely impacted infectious disease
exposure due to the simultaneous lack of proper food, shelter, and
healthcare assistance at the time (20). Unfortunately, owing to a lack
of resources and safety (no vaccines) during the pandemic, only
homeless people living in Sdo Paulo city (and no dogs) were sampled
and serologically tested. This carefulness was fully justified, as almost
56% of persons experiencing homelessness were found to
be seropositive for COVID-19, the highest prevalence ever registered
worldwide (20). The impact of the COVID-19 pandemic on
leptospirosis was assessed, with 9.1 and 6.7% seropositivity reported
without and with the use of face masks, respectively. In addition,
individuals tested for COVID-19 exhibited a 9.5% positive reaction
rate for leptospirosis, compared with 8.6% among those not tested.
Thus, the present study may also serve as a warning for the potential
for co-infection and an increase in leptospirosis exposure, not only
following flooding but also during public health catastrophes, which
could lead to an increase in the vulnerability of such populations.

Leptospirosis is closely related to social determinants of health
and is mostly associated with flooding, precarious living conditions,
and rodent infestation (23). Persons experiencing homelessness and
residents of urban slums worldwide face higher exposure to infectious
diseases due to unfavorable socioeconomic conditions, lack of
adequate sanitation, clean water, and suitable housing, which are
associated with low education levels and informal work or occupations
(28). Effective public health strategies for combating leptospirosis
should consider the complexity of socioeconomic and environmental
factors, accompanied by routine detection, mapping, control, and
preventive measures (29). In such a scenario, a One Health approach
for leptospirosis is essential for a better understanding of disease
impact and control on human, animal, and environmental health (30),
particularly zoonotic diseases, such as leptospirosis, which have been
strongly linked to environments infested with rats (30). Such a
multidisciplinary approach is crucial for identifying the associated
factors as well as the role of outdoor activities, contact with
contaminated soil, and proximity to rodent habitats for infection (31).

The distribution and diversity of Leptospira spp. serovars among
persons experiencing homelessness indicated a prevalence of 5.3 and
3.3% for L. biflexa serovars Bratislava and Andamana, respectively,
followed by 0.4 to 1.6% for L. interrogans serovars Canicola and
Pyrogenes, and low detection of L. kirschneri serovar Grippotyphosa,
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and L. meyeri serovar Semaranga. These serovars have also been
reported in rats from Brazil (32). Such a wide range of Leptospira spp.
diversity has been attributed to host-species interactions and the
influence of environmental factors, as observed in both stray dogs and
patients with leptospirosis in the nearby northern Parana state (31).
Persons experiencing homelessness may be interpreted as
environmental sentinels for the presence of pathogenic Leptospira spp.
serovars, thus providing practical on-field mapping for more effective
surveillance, control, and prevention measures for public and animal
(domestic, livestock, and native species) health.

The final model revealed three statistical significant variables:
location of the person, use of condoms during sexual intercourse, and
flea infestation. Firstly, persons experiencing homelessness living in
Séao Paulo presented a significantly lower Leptospira spp. seroprevalence
than did those living in Sdo José dos Pinhais (p = 0.005), which may
be due to varying individual characteristics across different shelters and
locations, as previously observed in Denmark (33). In addition, the
Homeless Reference Center in Sio José dos Pinhais is situated in a less
central location, adjacent to wetlands and wooded areas, with exposure
to sewage, flooding, and domestic and wildlife hosts, overlapping with
highly urban and green areas. In contrast, the shelter (day-only) in Sao
Paulo city, named the Community Center of Sao Martinho de Lima, is
located in a highly urbanized, low-income area, exposed to seasonal
flooding and rats, but fully pavemented, within a highly commercial
neighborhood (34). Thus, as expected, leptospirosis exposure in
persons experiencing homelessness may vary under different
socioeconomic conditions and among major urban cities, demanding
continuous assessment to establish the local prevalence and pinpoint
the exposure dynamics over time.

Another significant variable was the use of condoms during sexual
intercourse, which was considered a protective factor against exposure
to leptospires (p = 0.032). Although human-to-human transmission
of Leptospira spp. is rare, infection through sexual intercourse and
intimate contact may occur under unsanitary conditions (35, 36). In
addition, condom use may indicate higher self-care and hygiene,
which may reduce exposure to potential sources, such as rat urine and
flooding. Conversely, flea infestation may indicate a more nomadic
lifestyle, which may lower the exposure risk. Nevertheless, the present
study found unusual factors associated with exposure to Leptospira
spp., including a high self-reported proportion of persons experiencing
homelessness, seeing rats, and experiencing rat bites. The presence of
ectoparasites, such as lice and fleas, has also served as a warning for
the complex dynamics between homelessness, zoonotic agents, and
environmental factors. Although our research group has already
found an association between lice infestation and 72.5% seropositivity
for Bartonella spp., along with 36.7% seropositivity for the Rickettsia
genus of the typhus group (37), the other findings presented here
should be further investigated. The only study available for comparison
till date, from a low-income neighborhood in Vancouver, Canada,
showed 3.0% exposure among inhabitants to Bartonella tribocorum
associated with local rats but no seropositivity to L. interrogans (38).

Surprisingly, persons experiencing homelessness with frequent
alcohol and drug consumption herein were significantly less likely to
be seropositive (p = 0.028) for pathogenic serovars of Leptospira spp.
As previous studies have shown association of alcohol consumption
with Leptospira infection in Thailand (39), Kenya (40), Seychelles (41)
and Mexico (42), possibility of confounding factors or biased
measurement should be considered in the present study. Nonetheless,
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further studies should be conducted to fully establish the associated
risk factors of leptospirosis in Brazil.

Persons experiencing homelessness in Sao Paulo city had a lower
likelihood of exposure to non-pathogenic Leptospira spp. than did
those in Sdo José dos Pinhais. Experimental studies in mice have
suggested that saprophytic species of Leptospira may triggers innate
immune responses in the host during early infection, leading to better
outcomes after infection by pathogenic species (43). As both
pathogenic and non-pathogenic Leptospira can exhibit similar survival
capabilities and range of environments (44), further longitudinal
studies may be necessary to confirm directionality and causality. In
addition, other variables, including demographic variables, COVID-
19-related factors, and medical variables were also analyzed, with a
higher prevalence of leptospirosis observed in Sao José dos Pinhais
(15.5%) than in Sao Paulo (6.9%). Although individuals of indigenous
ethnicity remained negative, the positive reaction rates among Black,
Brown, and White individuals were 5.4, 7.8, and 12.5%, respectively,
confirming the diverse ethnic outcomes associated with leptospirosis.
Previous surveys in Brazil have found a higher prevalence among
White (45) and mixed-race individuals (46), with similar prevalence
variability based on predominant regional ethnicities found in other
countries (47, 48). In this study, 10.7% of the affected individuals were
female and 8.6% were male, with no higher male prevalence, as
previously observed (49, 50). In addition, age was similar between the
groups, with 10.3% of the affected individuals aged under 30 years and
8.3% aged over 60 years. Sex and age are crucial factors to
be considered when formulating effective and integrated control and
prevention strategies, which may improve our understanding of
zoonotic risks and mitigate exposure to infection in both human and
animal populations (51).

Although reportedly an important protective factor, educational
level was not significantly associated with Leptospira seropositivity,
with 8.3, 9.1, and 8.4% of the affected individuals having completed
higher education, high school, and eighth grade, respectively. The
challenges posed by leptospirosis may require a multifaceted approach,
raising public awareness of the associated factors and implementing
preventive measures (28, 52). Continuing health education may play
a pivotal role in enhancing the population’s knowledge of leptospirosis
and improving its diagnosis, control, monitoring, and prevention (29).

The “Street Clinics” program, launched in 2011, aims to bridge
healthcare disparities in homelessness in Brazil (22). Despite being
successfully established, the program still faces challenges, including
inadequate healthcare training and constant variations in
epidemiological data (53). Moreover, the program has systematically
applied rapid tests only for sexually transmitted diseases (acquired
immunodeficiency syndrome [AIDS], hepatitis, and syphilis), with no
regular screening for zoonotic diseases despite high drug use and
sharing, unprotected sex, and low self-hygiene. Additionally, program
exhibited (5.7%) than
non-participants did (10.2%), further illustrating the challenges faced

participants lower  seropositivity
and potential areas for improvement for the program. Pet owners
demonstrated a lower positive reaction rate (5.0%) than did those
without pets (10.5%). A similar pattern was observed in individuals
with animal hoarding disorder, where the prevalence of leptospirosis
among dogs was notably higher than that among owners (54).
Assessment of medical variables revealed seropositive reactions for
AIDS, syphilis, hepatitis, tuberculosis, diabetes, and cardiovascular
diseases. In such a multi-exposure scenario, human and dog
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leptospirosis have been neglected in comparison to other diseases,
despite their higher mortality rates (55). Finally, the high leptospirosis
seropositivity in persons experiencing homelessness living in two
major Brazilian cities has highlighted the need for intervention and
awareness in a holistic approach to human, animal, and environmental
health (One Health); collaborative endeavors are imperative to address
such complex issues, as already proposed (56).

Although the herein sampling of 243 individuals in two major cities
may be considered relatively low, limiting the statistical analysis and
extrapolation of findings, homeless persons have been reportedly
indicated worldwide as difficult population to assess, mostly due to
mental illness, alcohol and drug abuse, leading to unsocial and erratic
behavior, recluseness, and refusal to participate. Sampling was also
limited to two urban locations within few days due to Sao Paulo as
worldwide epicenter of the COVID-19 pandemics, without available
vaccination at the time. Thus, broader geographic and seasonal
assessment should be considered in further studies to ensure
representativeness and extra polatory outcomes. As another limitation,
the voluntary nature of participation may have introduced self-selection
biased outcome, potentially excluding the most marginalized (alcohol
and drug abuse) or medically vulnerable (mental illness) individuals.
Also, the cross-sectional nature of the study here has limited causal
inferences regarding identified risk factors (e.g., condom use, flea
infestation), as longitudinal studies would be needed to confirm
directionality and causality. Some apparently contradictory findings
have been presented, for example a previous study with no anti-
Leptospira antibodies found in homeless persons of three major
Brazilian cities, whereas significant seropositivity was observed herein
with samples collected during COVID-19 pandemics. Although
pandemics may indicate less chances of getting exposure because of
restricted movement and other protective measures which were more
or less prevalent, the same individuals have shown the highest
worldwide seroprevalence of COVID-19 with 111/203 (54.7%)
seropositive persons, with no available vaccine at the time (therefore no
ELISA crossreaction) (20). Thus, homeless persons have not followed
pandemics recommendations of self-distance, isolation and use of
preventive discardable face masks. Likewise, the change in behavior of
homeless persons may have increased their exposure to rats and
Leptospira infection, likely due to gathering on sidewalk tents around
the daytime shelters, which provided three meals per day through
pandemics, maybe the only source of available food at the time. Finally,
antibodies observed herein may be indicative of exposure a long time
ago and not correlate with the time of sampling during COVID-19.

This study has shown that persons experiencing homelessness living
in Sao Paulo and Séo José dos Pinhais, Brazil were highly exposed to
leptospirosis, which may indicate nationwide exposure, demanding
urgent surveillance, control, and prevention. Location, condom use, and
flea infestation were identified as significant risk factors for leptospirosis
exposure. The presence of multiple Leptospira serovars may have
indicated bacterial diversity, particularly in urban settings. As
seropositivity herein has involved both non-pathogenic and pathogenic
species, the pathogenic potential should be carefully interpreted to avoid
overinterpretation. Furthermore, multidisciplinary efforts and
integrated policies may be crucial for mitigating leptospirosis and other
infectious diseases in persons experiencing homelessness, as social
neglection may impact their fundamental rights to health, shelter and
food access. Finally, although public policies have been demanded by
society and non-governmental organizations, the homeless situation has
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been multifactorial and far from a consensus solution. In such a
scenario, priest Julio Lancellotti, who has been assisting homeless
persons in Sdo Paulo for the past 40 years and was personally involved
in the homeless engagement herein, has blamed city approach to
homelessness as “invisibles on street;” claiming their rights to “minimum
life conditions, dignity and subsistence (57).

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

This research was approved by the Federal University of
Parand’s Ethics Committee in Human Health, at the Brazilian
Ministry of Health (CAAE:80099017.3.3004.0086, protocol
number: 3.366.684). The studies were conducted in accordance
with the local legislation and institutional requirements. The
participants provided their written informed consent to
participate in this study.

Author contributions

HG: Conceptualization, Data curation, Investigation, Methodology,
Writing - original draft, Writing - review & editing. CM:
Conceptualization, Data curation, Project administration, Writing —
review & editing. LK: Conceptualization, Data curation, Investigation,
Methodology, Writing — original draft, Writing — review & editing. DF:
Formal analysis, Investigation, Methodology, Writing — original draft,
Writing - review & editing. NR: Formal analysis, Methodology, Writing —
review & editing. AC: Conceptualization, Data curation, Investigation,
Methodology, Writing - review & editing. HL: Formal analysis,
Investigation, Methodology, Validation, Writing - review & editing. GM:
Investigation, Methodology, Software, Validation, Writing — review &
editing. AB: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing —
original draft, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

The authors are thankful to Sandro Ricardo Ruys, Father Julio
Renato Lancellotti and the Community Center of Sdo Martinho de
Lima for helping with collection, sampling, and follow-up information
in Sdo Paulo city. The authors are also thankful to City Secretary of
Health of Sao José dos Pinhais for helping with collection, sampling,

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1596684
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Greca Junior et al.

and follow-up information. Finally, the authors are grateful for
individuals that participated in the present study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

References

1. Vincent AT, Schiettekatte O, Goarant C, Neela VK, Bernet E, Thibeaux R, et al.
Revisiting the taxonomy and evolution of pathogenicity of the genus Leptospira through
the prism of genomics. PLoS Negl Trop Dis. (2019) 13:€0007270. doi:
10.1371/journal.pntd.0007270

2. Pappas G, Papadimitriou P, Siozopoulou V, Christou L, Akritidis N. The
globalization of leptospirosis: worldwide incidence trends. Int J Infect Dis. (2008)
12:351-7. doi: 10.1016/j.ijid.2007.09.011

3. Abela-Ridder B, Sikkema R, Hartskeerl RA. Estimating the burden of human
leptospirosis. Int ] Antimicrob Agents. (2010) 36:55-7. doi: 10.1016/j.
ijantimicag.2010.06.012

4. Rajapakse S. Leptospirosis: clinical aspects. Clin Med (Lond). (2022) 22:14-7. doi:
10.7861/clinmed.2021-0784

5. Tolera ST, Temesgen S, Mulat Endalew S, Alamirew TS, Temesgen LM. Global
systematic review of occupational health and safety outcomes among sanitation and
hygiene  workers.  Front  Public = Health. (2023)  11:1304977.  doi:
10.3389/fpubh.2023.1304977

6. Bini Viotti J, Chan JC, Rivera C, Tuda C. Sporadic leptospirosis case in Florida
presenting as Weil’s disease. IDCases. (2020) 19:¢00686. doi: 10.1016/j.idcr.2019.e00686

7. Felzemburgh RDM, Ribeiro GS, Costa F, Reis RB, Hagan JE, Melendez AXTO, et al.
Prospective study of leptospirosis transmission in an urban slum community: role of
poor environment in repeated exposures to the Leptospira agent. PLoS Negl Trop Dis.
(2014) 8:2927. doi: 10.1371/journal.pntd.0002927

8. Hagan JE, Moraga P, Costa F, Capian N, Ribeiro GS, Wunder EA, et al.
Spatiotemporal determinants of urban leptospirosis transmission: four-year prospective
cohort study of slum residents in Brazil. PLoS Negl Trop Dis. (2016) 10:e0004275. doi:
10.1371/journal.pntd.0004275

9. Fransham M, Dorling D. Homelessness and public health. BM]J. (2018) 360:k214.
doi: 10.1136/bmj.k214

10. Mosites E, Hughes L, Butler JC. Homelessness and infectious diseases:
understanding the gaps and defining a public health approach: introduction. J Infect Dis.
(2022) 226:5301-3. doi: 10.1093/infdis/jiac352

11. Reilly J, Ho I, Williamson A. A systematic review of the effect of stigma on the
health of people experiencing homelessness. Health Soc Care Community. (2022)
30:2128-41. doi: 10.1111/hsc.13884

12. Agéncia Brasil. (2025). Homeless population in Brazil rises by 25% in one year. Available
online at:https://agenciabrasil.ebc.com.br/en/direitos-humanos/noticia/2025-01/homeless-
population-brazil-rises-25-one-year

13.R: the R project for statistical computing. Available online at:https://www.r-
project.org/

14. IBGE [Internet]. (2025). Available online at:https://www.ibge.gov.br/cidades-e-
estados/pr/sao-jose-dos-pinhais.html Sao José dos Pinhais (PR) | Cidades e Estados.

15. IBGE. (2025). Available online at: https://www.ibge.gov.br/cidades-e-estados/sp/
sao-paulo.html Sdo Paulo (SP) | Cidades e Estados.

16. do Couto AC, Gravinatti ML, Pellizzaro M, Kmetiuk LB, Yamakawa AC, da Silva EC,
etal. One health approach on serosurvey of anti-Leptospira spp. in homeless persons and their
dogs in South Brazil. One Health. (2022) 15:100421. doi: 10.1016/j.0onehlt.2022.100421

17. Aldridge RW, Story A, Hwang SW, Nordentoft M, Luchenski SA, Hartwell G, et al.
Morbidity and mortality in homeless individuals, prisoners, sex workers, and individuals
with substance use disorders in high-income countries: a systematic review and meta-
analysis. Lancet. (2018) 391:241-50. doi: 10.1016/S0140-6736(17)31869-X

Frontiers in Public Health

10.3389/fpubh.2025.1596684

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1596684/
full#supplementary-material

18. Fazel S, Geddes JR, Kushel M. The health of homeless people in high-income
countries: descriptive epidemiology, health consequences, and clinical and policy
recommendations. Lancet. (2014) 384:1529-40. doi: 10.1016/S0140-6736(14)61132-6

19. Blume MC, Waldman EA, Lindoso AABP, Rujula MJP, Orlandi GM, Oliveira M d
LV, et al. The impact of the SARS-CoV-2 pandemic on tuberculosis notifications and
deaths in the state of Sdo Paulo, Brazil: a cross-sectional study. Lancet Reg Health Am.
(2024) 34:100765. doi: 10.1016/j.1ana.2024.100765

20. do Couto AC, Kmetiuk LB, Delai RR, Branddo APD, Monteiro CO, da Silva LHA,
et al. High SARS-CoV-2 seroprevalence in persons experiencing homelessness and
shelter workers from a day-shelter in Sdo Paulo, Brazil. PLoS Negl Trop Dis. (2021)
15:¢0009754. doi: 10.1371/journal.pntd.0009754

21. Luchenski S, Maguire N, Aldridge RW, Hayward A, Story A, Perri P, et al. What
works in inclusion health: overview of effective interventions for marginalised and
excluded populations. Lancet. (2018) 391:266-80. doi: 10.1016/S0140-6736(17)31959-1

22.De PHC, Daher DV, Koopmans FE, Faria Mg De A, Brandao PS, GBF S.
Implementation of the street outreach office in the perspective of health care. Rev Bras
Enferm. (2018) 71:2843-7. doi: 10.1590/0034-7167-2017-0616

23.Galan DI, Roess AA, Pereira SVC, Schneider MC. Epidemiology of human
leptospirosis in urban and rural areas of Brazil, 2000-2015. PLoS One. (2021)
16:¢0247763. doi: 10.1371/journal.pone.0247763

24. Lima MLE, Sousa AMAFLSde, Marques LL, Ferreira IB, Giuffrida R, Kmetiuk LB,
et al., Household location (urban, peri-urban and rural settlements) as an associated risk
factor for toxoplasmosis during pregnancy in southeastern Brazil Trop Med Infect Dis
(2024) 9:173 doi: 10.3390/tropicalmed9080173 PMID: 39195611

25. Vieira RF d C, Vieira TSWJ, Nascimento D d AG, Martins TE, Krawczak FS,
Labruna MB, et al. Serological survey of Ehrlichia species in dogs, horses and humans:
zoonotic scenery in a rural settlement from southern Brazil. Rev Inst Med Trop Sao
Paulo. (2013) 55:335-40. doi: 10.1590/50036-46652013000500007

26. Vieira RF da C, Vidotto O, Vieira TSW], Guimaraes AMS, Santos APdos,
Nascimento NC, et al. Molecular investigation of hemotropic mycoplasmas in human
beings, dogs and horses in a rural settlement in southern Brazil. Rev Inst Med Trop Sao
Paulo (2015);57:353-357. doi: 10.1590/S0036-46652015000400014

27. Nascimento DAG, Vieira RF d C, Vieira TSW]J, Toledo RDS, Tamekuni K, Santos NJRD,
etal. Serosurvey of Borrelia in dogs, horses, and humans exposed to ticks in a rural settlement
of southern Brazil. Rev Bras Parasitol Vet. (2016) 25:418-22. doi: 10.1590/S1984-29612016085

28. Kamath R, Swain S, Pattanshetty S, Nair NS. Studying risk factors associated with
human leptospirosis. ] Glob Infect Dis. (2014) 6:3-9. doi: 10.4103/0974-777X.127941

29. Palma FAG, Costa F, Lustosa R, Mogaji HO, de Oliveira DS, Souza FN, et al. Why
is leptospirosis hard to avoid for the impoverished? Deconstructing leptospirosis
transmission risk and the drivers of knowledge, attitudes, and practices in a
disadvantaged community in Salvador, Brazil. PLOS Glob Public Health. (2022)
2:¢0000408. doi: 10.1371/journal.pgph.0000408

30. Sanchez Fernandez P, Kodjo A, Medkour H, Laidoudi Y, Dubourg G, Eldin C, et al.
Autochthonous human and animal leptospirosis, Marseille, France. IDCases. (2020)
21:200899. doi: 10.1016/j.idcr.2020.e00899

31. Fonzar UJV, Langoni H. Geographic analysis on the occurrence of human and
canine leptospirosis in the city of Maringd, state of Parana, Brazil. Rev Soc Bras Med Trop.
(2012) 45:100-5. doi: 10.1590/s0037-86822012000100019

32. Boey K, Shiokawa K, Rajeev S. Leptospira infection in rats: a literature review of
global prevalence and distribution. PLoS Negl Trop Dis. (2019) 13:¢0007499. doi:
10.1371/journal.pntd.0007499

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1596684
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1596684/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1596684/full#supplementary-material
https://doi.org/10.1371/journal.pntd.0007270
https://doi.org/10.1016/j.ijid.2007.09.011
https://doi.org/10.1016/j.ijantimicag.2010.06.012
https://doi.org/10.1016/j.ijantimicag.2010.06.012
https://doi.org/10.7861/clinmed.2021-0784
https://doi.org/10.3389/fpubh.2023.1304977
https://doi.org/10.1016/j.idcr.2019.e00686
https://doi.org/10.1371/journal.pntd.0002927
https://doi.org/10.1371/journal.pntd.0004275
https://doi.org/10.1136/bmj.k214
https://doi.org/10.1093/infdis/jiac352
https://doi.org/10.1111/hsc.13884
https://agenciabrasil.ebc.com.br/en/direitos-humanos/noticia/2025-01/homeless-population-brazil-rises-25-one-year
https://agenciabrasil.ebc.com.br/en/direitos-humanos/noticia/2025-01/homeless-population-brazil-rises-25-one-year
https://www.r-project.org/
https://www.r-project.org/
https://www.ibge.gov.br/cidades-e-estados/pr/sao-jose-dos-pinhais.html
https://www.ibge.gov.br/cidades-e-estados/pr/sao-jose-dos-pinhais.html
https://www.ibge.gov.br/cidades-e-estados/sp/sao-paulo.html
https://www.ibge.gov.br/cidades-e-estados/sp/sao-paulo.html
https://doi.org/10.1016/j.onehlt.2022.100421
https://doi.org/10.1016/S0140-6736(17)31869-X
https://doi.org/10.1016/S0140-6736(14)61132-6
https://doi.org/10.1016/j.lana.2024.100765
https://doi.org/10.1371/journal.pntd.0009754
https://doi.org/10.1016/S0140-6736(17)31959-1
https://doi.org/10.1590/0034-7167-2017-0616
https://doi.org/10.1371/journal.pone.0247763
https://doi.org/10.3390/tropicalmed9080173
https://doi.org/39195611
https://doi.org/10.1590/S0036-46652013000500007
https://doi.org/10.1590/S0036-46652015000400014
https://doi.org/10.1590/S1984-29612016085
https://doi.org/10.4103/0974-777X.127941
https://doi.org/10.1371/journal.pgph.0000408
https://doi.org/10.1016/j.idcr.2020.e00899
https://doi.org/10.1590/s0037-86822012000100019
https://doi.org/10.1371/journal.pntd.0007499

Greca Junior et al.

33. Nielsen SE Hjorthej CR, Erlangsen A, Nordentoft M. Psychiatric disorders and
mortality among people in homeless shelters in Denmark: a nationwide register-based
cohort study. Lancet. (2011) 377:2205-14. doi: 10.1016/S0140-6736(11)60747-2

34. Carneiro Junior N, Jesus CHde, Crevelim MA. A Estratégia Saude da Familia
para a equidade de acesso dirigida & populagdo em situagdo de rua em grandes
centros  urbanos.  Saude  Soc  (2010);19:709-716.  doi: 10.1590/
$0104-12902010000300021

35.Hamond C, Martins G, Bremont S, Medeiros MA, Bourhy P, Lilenbaum W.
Predominance of Leptospira interrogans serovar Bratislava DNA in vaginal fluid of mares
suggests sexual transmission of leptospirosis. Anim Reprod Sci. (2014) 151:275-9. doi:
10.1016/j.anireprosci.2014.10.019

36. Harrison NA, Fitzgerald WR. Leptospirosis--can it be a sexually transmitted
disease? Postgrad Med J. (1988) 64:163-4. doi: 10.1136/pgm;.64.748.163

37. Faccini-Martinez AA, Kmetiuk LB, Blanton LS, Felipetto LG, Gravinatti ML,
Timenetsky J, et al. Bartonella spp. and typhus group Rickettsiae among persons
experiencing homelessness, Sao Paulo, Brazil. Emerg Infect Dis. (2023) 29:418-21. doi:
10.3201/€id2902.221050

38.McVea DA, Himsworth CG, Patrick DM, Lindsay LR, Kosoy M, Kerr T.
Exposure to rats and rat-associated Leptospira and Bartonella species among
people who use drugs in an impoverished, Inner-City neighborhood of Vancouver,
Canada. Vector Borne Zoonotic Dis. (2018) 18:82-8. doi: 10.1089/vbz.2017.2179

39.Hinjoy S, Kongyu S, Doung-Ngern P, Doungchawee G, Colombe SD,
Tsukayama R, et al. Environmental and behavioral risk factors for severe
leptospirosis in Thailand. Trop Med Infect Dis. (2019) 4:79. doi:
10.3390/tropicalmed4020079

40.Cook EA]J, de Glanville WA, Thomas LF, Kariuki S, Bronsvoort BM d C, Féevre
EM. Risk factors for leptospirosis seropositivity in slaughterhouse workers in
western Kenya. Occup Environ Med. (2017) 74:357-65. doi: 10.1136/
oemed-2016-103895

41. Bovet P, Yersin C, Merien F, Davis CE, Perolat P. Factors associated with clinical
leptospirosis: a population-based case-control study in the Seychelles (Indian Ocean).
Int ] Epidemiol. (1999) 28:583-90. doi: 10.1093/ije/28.3.583

42. Sandoval-Carrillo AA, Salas-Pacheco JM, Antuna-Salcido EI, Castro-Martinez KS,
Ortiz-Montafio DS, Beristain-Garcia I, et al. Leptospira infection in people in the city of
Durango, Mexico: a cross sectional study. J Int Med Res. (2021) 49:3000605211004020.
doi: 10.1177/03000605211004020

43.Kundu S, Shetty A, Gomes-Solecki M. Exposure to live saprophytic Leptospira
before challenge with a pathogenic serovar prevents severe leptospirosis and
promotes kidney homeostasis. bioRxiv. (2024):2024.03.01.582981. doi:
10.1101/2024.03.01.582981

44. Bradley EA, Lockaby G. Leptospirosis and the environment: a review and future
directions. Pathogens. (2023) 12:1167. doi: 10.3390/pathogens12091167

Frontiers in Public Health

08

10.3389/fpubh.2025.1596684

45. Martins MH d M, Spink MJP. A leptospirose humana como doenga duplamente
negligenciada no Brasil. Cienc Saude Coletiva. (2020) 25:919-28.  doi:
10.1590/1413-81232020253.16442018

46. Gongalves NV, Araujo ENde, Sousa Junior A da S, Pereira WMM, Miranda C do
SC, Campos PS da S, et al. Distribui¢do espago-temporal da leptospirose e fatores de
risco em Belém, Pard, Brasil. Cienc Saude Coletiva. (2016) 21:3947-3955. doi:
10.1590/1413-812320152112.07022016

47.El-Tras WE, Bruce M, Holt HR, Eltholth MM, Merien F. Update on the status
of leptospirosis in New Zealand. Acta Trop. (2018) 188:161-7. doi:
10.1016/j.actatropica.2018.08.021

48. Benacer D, Thong KL, Min NC, Bin Verasahib K, Galloway RL, Hartskeer]l RA,
et al. Epidemiology of human leptospirosis in Malaysia, 2004-2012. Acta Trop. (2016)
157:162-8. doi: 10.1016/j.actatropica.2016.01.031

49. Cruz D Da S, Moreira RLC, Leite DS I. Prevaléncia de casos de leptospirose no
Estado do Para no periodo de 2007 a 2019. Res Soc Dev. (2021) 10:e599101220902—
€599101220902. doi: 10.33448/rsd-v10i12.20902

50. Schneider MC, Leonel DG, Hamrick PN, de Caldas EP, Velasquez RT, Mendigafia
Paez FA, et al. Leptospirosis in Latin America: exploring the first set of regional data.
Rev Panam Salud Publica. (2017) 41:81. doi: 10.26633/RPSP.2017.81

51. Cataldo C, Bellenghi M, Masella R, Busani L. One health challenges and actions:
integration of gender considerations to reduce risks at the human-animal-environmental
interface. One Health. (2023) 16:100530. doi: 10.1016/j.0nehlt.2023.100530

52. Goarant C. Leptospirosis: risk factors and management challenges in developing
countries. Res Rep Trop Med. (2016) 28:49-62. doi: 10.2147/RRTM.S102543

53. Abreu Dde, Oliveira WFde. Atengao a satide da populagdo em situagdo de rua: um
desafio para o Consultério na Rua e para o Sistema Unico de Satde. Cad Saude Publica
(2017);33:e00196916. doi: 10.1590/0102-311X00196916

54. Cunha GRda, Pellizzaro M, Martins CM, Rocha SM, Yamakawa AC, da Silva EC,
et al Serological survey of anti-Leptospira spp. antibodies in individuals with animal
hoarding disorder and their dogs in a major city of southern Brazil. Vet Med Sci
(2022);8:530-536. doi: 10.1002/vms3.704

55. Martins CM, Barros C da Cde, Galindo CM, Kikuti M, Ullmann LS, Pampuch R
dos S, et al. Incidence of canine leptospirosis in the metropolitan area of Curitiba, state
of Parand, southern Brazil. Rev Soc Bras Med Trop (2013);46:772-775. doi:
10.1590/0037-8682-1665-2013

56. Resende V de M, Mendonga DG de. Populagdo em situagdo de rua e politicas
publicas: representagdes na Folha de Sio Paulo. DELTA. (2019) 35:€2019350413. doi:
10.1590/1678-460X2019350413

57. Editora Matrioska. (2025). Tinha uma pedra no meio do caminho, de Padre Julio
Lancellotti. Available online at:https://loja.matrioskaeditora.com.br/produtos/tinha-
uma-pedra-no-meio-do-caminho-de-padre-julio-lancellotti/

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1596684
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S0140-6736(11)60747-2
https://doi.org/10.1590/S0104-12902010000300021
https://doi.org/10.1590/S0104-12902010000300021
https://doi.org/10.1016/j.anireprosci.2014.10.019
https://doi.org/10.1136/pgmj.64.748.163
https://doi.org/10.3201/eid2902.221050
https://doi.org/10.1089/vbz.2017.2179
https://doi.org/10.3390/tropicalmed4020079
https://doi.org/10.1136/oemed-2016-103895
https://doi.org/10.1136/oemed-2016-103895
https://doi.org/10.1093/ije/28.3.583
https://doi.org/10.1177/03000605211004020
https://doi.org/10.1101/2024.03.01.582981
https://doi.org/10.3390/pathogens12091167
https://doi.org/10.1590/1413-81232020253.16442018
https://doi.org/10.1590/1413-812320152112.07022016
https://doi.org/10.1016/j.actatropica.2018.08.021
https://doi.org/10.1016/j.actatropica.2016.01.031
https://doi.org/10.33448/rsd-v10i12.20902
https://doi.org/10.26633/RPSP.2017.81
https://doi.org/10.1016/j.onehlt.2023.100530
https://doi.org/10.2147/RRTM.S102543
https://doi.org/10.1590/0102-311X00196916
https://doi.org/10.1002/vms3.704
https://doi.org/10.1590/0037-8682-1665-2013
https://doi.org/10.1590/1678-460X2019350413
https://loja.matrioskaeditora.com.br/produtos/tinha-uma-pedra-no-meio-do-caminho-de-padre-julio-lancellotti/
https://loja.matrioskaeditora.com.br/produtos/tinha-uma-pedra-no-meio-do-caminho-de-padre-julio-lancellotti/

	Factors associated with the presence of anti- Leptospira spp. antibodies in persons experiencing homelessness in Brazil
	1 Introduction
	2 Materials and methods
	2.1 Study areas and sample collection
	2.2 Serological testing
	2.3 Statistical analysis
	2.4 Ethical considerations

	3 Results
	4 Discussion

	 References

